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0RGHOOLQJIOXLGIORZLQQDQRSRURXVPHPEUDQHPDWHULDOVYLDQRQHTXLOLEULXP0ROHFXODU
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+)UHQWUXS&$YHQGDxR0+RUVFK($0OOHU
,PSHULDO&ROOHJH/RQGRQ8.&RUQHOO8QLYHUVLW\86$7HFKQLVFKH8QLYHUVLWlW.DLVHUVODXWHUQ
*HUPDQ\
/D\HUV RI JUDSKHQH R[LGH ZHUH UHFHQWO\ IDEULFDWHG LQWR DQ DFWLYH PHPEUDQH OD\HU
3HUYDSRUDWLRQH[SHULPHQWVWKURXJKWKHVHPHPEUDQHVVKRZHGVXUSULVLQJUHVXOWVWKHPHPEUDQH
SURYHG WR EH LPSHUPHDEOH WR KHOLXP ZKLOH DOORZLQJ VHHPLQJO\ XQLPSHGHG SHUYDSRUDWLRQ RI
ZDWHU>@7KHVHUHVXOWVFRQWUDGLFWFXUUHQWPRGHOVRIPDVVWUDQVIHULQSRURXVPDWHULDOVEXWFDQ
EHH[SODLQHGE\ORRNLQJDWHIIHFWVRQWKHQDQRVFDOH7KHUHLVDSOHWKRUDRIGLIIHUHQWDSSURDFKHV
WRSUHGLFWWKHPDVVWUDQVIHULQDSRURXVPHPEUDQHOD\HUEXWZLWKFXWWLQJHGJHQDQRWHFKQRORJ\
PDNLQJ LWVZD\ LQWRPHPEUDQHDSSOLFDWLRQV WKHDSSURDFKHVIRUSUHGLFWLQJWUDQVSRUWSURSHUWLHV
PXVWNHHSXSZLWKLQQRYDWLRQDFFRUGLQJO\

7KHPRVWFRPPRQO\DSSOLHGPHWKRGVUHO\HLWKHURQFODVVLFDOK\GURG\QDPLFV+DJHQ3RLVHXLOOH
IORZDPRGLILFDWLRQRIWUDQVSRUWLQEXONSKDVHV'XVW\*DVPRGHORUPRGHOVEDVHGRQNLQHWLF
WKHRU\ .QXGVHQ GLIIXVLRQ >@ ([SHULPHQWV DQG PROHFXODU VLPXODWLRQV KDYH VKRZQ WKDW WKH
SDUWLFXODUEHKDYLRXURIIOXLGVFRQILQHGLQQDQRSRUHVGLIIHUVJUHDWO\ZLWKZKDWZRXOGEHH[SHFWHG
IURPWUDGLWLRQDOPDVVWUDQVIHUPRGHOV>@7KHH[LVWLQJDSSURDFKHVVWUXJJOHWRLQFRUSRUDWHD
UHDOLVWLFGHVFULSWLRQRIQDQRVFDOHPDWHULDOVDQGWKHLQKHUHQWPROHFXODUFKDUDFWHUWRZKLFKQDQR
HQKDQFHG VHOHFWLYH OD\HUV RZH WKHLU UHPDUNDEOH SURSHUWLHV >@ ,Q DGGLWLRQ WR SRUH VL]H
GLVWULEXWLRQ DQG IOXLGIOXLG LQWHUDFWLRQV VROLGIOXLG LQWHUDFWLRQV DQG WKH SDUWLFXODU WRSRORJ\ RI
SRURXV VWUXFWXUHV LQ WKH FDVH RI QDQRVFDOH PDWHULDOV SOD\ DQ LPSRUWDQW UROH LQ LQIOXHQFLQJ
WUDQVSRUWSURSHUWLHV


)LJXUH9HORFLW\SURILOHRIDVLQJOHPRQRDWRPLFIOXLGLQDKLJKO\DWWUDFWLYHSODQDUFRQILQHPHQWDW
YDULRXVH[WHUQDOIRUFHVWKDWPLPLFDSUHVVXUHJUDGLHQW7KHSRUHZLGWKLVZLGHHQRXJKWRDOORZ
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
384   H. Frentrup et al. /  Procedia Engineering  44 ( 2012 )  383 – 385 
WZRPROHFXODU OD\HUV WR IRUP LQ LW7KHYHORFLW\SURILOH LVFOHDUO\GLIIHUHQW WRDSDUDEROLFSURILOH
SUHGLFWHGE\WKH+DJHQ3RLVHXLOOHHTXDWLRQ

0ROHFXODUG\QDPLFVVLPXODWLRQVLQWHUQDOLVHWKLVPROHFXODUFKDUDFWHULQDUHDOLVWLFZD\DQGRIIHUD
PHWKRG RI SUHGLFWLQJ IOXLG IORZ WKURXJK DFWLYH PHPEUDQH OD\HUV 7KHVH PHWKRGRORJLHV DUH
SDUWLFXODUO\ VXLWDEOH WR H[SORUH QDQRFRQILQHG VSDFHV ZKHUH WKH PRVW LQWHUHVWLQJ DQG
FKDOOHQJLQJDVSHFWVRIPHPEUDQHWUDQVSRUWWDNHSODFH

:HSUHVHQWDUHFHQWO\GHYHORSHGQRQHTXLOLEULXP0ROHFXODU'\QDPLFVPHWKRGRORJ\WRVLPXODWH
IOXLG IORZ LQ QDQRSRURXVPDWHULDOV >@7KHPHWKRGJHQHUDWHVD VWHDG\VWDWH IORZ WKURXJK WKH
DSSOLFDWLRQRIDQH[WHUQDO IRUFHZKLFKFDQEHDGMXVWHG WRHLWKHUPLPLFDSUHVVXUHJUDGLHQWRU
JUDGLHQW LQFKHPLFDOSRWHQWLDO:H IRFXVRQSUHVHQWLQJVHOHFWLYLW\DQGSHUPHDELOLW\VWXGLHV IRU
FDUERQEDVHGQDQRSRURXVPDWHULDOVLQSDUWLFXODUJUDSKHQHOD\HUV6LPXODWLRQVZHUHFDUULHGRXW
IRUGLIIHUHQWYDULDWLRQVLQWKHGHVLJQVSDFH0RUHVSHFLILFDOO\ZHGHPRQVWUDWHWKHLQIOXHQFHRID
YDULDWLRQ LQ SRURXV GHVLJQ RQ IOXLG IORZ QDPHO\ D YDULDWLRQ RI WKH SRUH VL]H VROLGIOXLG
LQWHUDFWLRQV:HDQDO\VHG WKHHIIHFWV IRUVXSHUFULWLFDO IOXLGV LQJDVHRXVDVZHOO DVGHQVH IOXLG
UHJLRQV

:HFRPSDUHWKHSUHGLFWLRQVRIWKHVLPXODWLRQVWRWKHSUHGLFWLRQVRISUHYDLOLQJPHWKRGVQDPHO\
WKH.QXGVHQDSSURDFKDQGWKH+DJHQ3RLVHXLOOHPRGHO:HVKHGOLJKWRQWKHPHFKDQLVPVWKDW
SURYRNH GLVFUHSDQFLHV DQG KLJKOLJKW WKH DVVXPSWLRQV WKDW UHQGHU WKH H[LVWLQJ DSSURDFKHV
LQDFFXUDWHFI)LJXUHZKHUH WKHYHORFLW\SURILOH LQDVOLWQDQRSRUH LVFOHDUO\QRQFODVVLFDO ,W
EHFRPHVHYLGHQWWKDWWKHFRQILQHPHQWKDVDGHFLVLYHHIIHFWRQWKHIOXLGSURSHUWLHV,QSRUHVRQ
WKHVFDOHRIDIHZPROHFXOHVWKHIOXLGH[KLELWVDSDUWLFXODUVWUXFWXUHZKHUHWKHGHQVLW\EHFRPHV
QRQXQLIRUPLQVLGHWKHSRUH>@7KLVKDVVWURQJLPSOLFDWLRQVIRUYLVFRXVIORZLQVLGHWKHSRUHV
DV WKHYLVFRVLW\RI WKH IOXLG LVQRWXQLIRUPHLWKHU ,QDGGLWLRQ WRSRUHVL]H UHVWULFWLRQVDQG IOXLG
YLVFRVLW\ZHFDQVKRZWKDWSRUHDGVRUSWLRQDQGVXUIDFHGLIIXVLRQSOD\DGHFLVLYHUROHLQPDVV
WUDQVSRUW WKURXJK QDQRSRUHV ,W LV ZRUWK QRWLQJ WKDW WKH VROLGIOXLG LQWHUDFWLRQV DUH WR D ODUJH
H[WHQWUHVSRQVLEOHIRUWKHEUHDNGRZQRIH[LVWLQJWKHRUHWLFDOPDVVWUDQVSRUWPRGHOV

,WKDVEHHQQRWHGLQWKHOLWHUDWXUHWKDWLQRUGHUWRVXFFHVVIXOO\DGRSWPDFURVFRSLFPDVVWUDQVIHU
PRGHOV WR WKH QDQRVFDOH D VXLWDEOH FRQVWLWXWLYH PRGHO IRU VKHDU VWUHVV DQG PROHFXODU
PRPHQWXP WUDQVIHU VKRXOG EH GHYHORSHG >@:H LQGLFDWH KRZ WKH SUHVHQWHGPHWKRG FDQ EH
XVHG WRFRQWULEXWH WRDGHYHORSPHQWRIVXFKD UHODWLRQVKLSDQGKRZ LWFDQKHOS WR LQFRUSRUDWH
IXUWKHUPROHFXODUHIIHFWVVXFKDVUXJRVLW\RIWKHSRUHVXUIDFHLQWRWUDQVSRUWPRGHOV

&RPSDUHG WR RWKHU PROHFXODU VLPXODWLRQ PHWKRGV WKDW KDYH EHHQ HPSOR\HG WR VWXG\ PDVV
WUDQVIHU SKHQRPHQD LQ SRURXV PHGLD WKH DSSURDFK ZH SUHVHQW KHUH LV LQ PDQ\ UHVSHFWV
VXSHULRU,WLVPRUHUREXVWDVLWLVSXUHO\EDVHGRQGHWHUPLQLVWLF0ROHFXODU'\QDPLFVVLPXODWLRQ
WHFKQLTXHV LWKDVQRSDUWLFXODUVLPXODWLRQSDUDPHWHUVWKDWZRXOGDOWHU WUDQVSRUWG\QDPLFVDQG
FUHDWH VSXULRXV VLPXODWLRQV UHVXOWV >@ DQG PRVW QRWDEO\ LW LV QRW OLPLWHG WR VLPSOH PRGHO
V\VWHPV7KHDSSURDFKFDQHDVLO\EHDSSOLHG WRV\VWHPVZLWKFRPSOH[SRURXVVWUXFWXUHVDQG
HODERUDWH PDFURPROHFXODU IOXLGV 0RUHRYHU WKHUH DUH QR PDMRU REVWDFOHV WR LPSOHPHQW WKH
DSSURDFKLQRIIWKHVKHOI0ROHFXODU'\QDPLFVFRGHVWKDWDUHLQZLGHVSUHDGXVH


5HIHUHQFHV
385 H. Frentrup et al. /  Procedia Engineering  44 ( 2012 )  383 – 385 
>@$U\D*&KDQJ+&	0DJLQQ( - $FULWLFDO FRPSDULVRQRIHTXLOLEULXPQRQ
HTXLOLEULXP DQG ERXQGDU\GULYHQ PROHFXODU G\QDPLFV WHFKQLTXHV IRU VWXG\LQJ WUDQVSRUW LQ
PLFURSRURXVPDWHULDOV-RXUQDORI&KHPLFDO3K\VLFV
>@%KDWLD6.	1LFKROVRQ' 7UDQVSRUWRIVLPSOH IOXLGV LQQDQRSRUHV7KHRU\DQG
VLPXODWLRQ$,&K(-RXUQDOGRLDLF
>@ %RZHQ: 5 	:HOIRRW - 6  0RGHOOLQJ RI PHPEUDQH QDQRILOWUDWLRQ²SRUH VL]H
GLVWULEXWLRQ HIIHFWV &KHPLFDO (QJLQHHULQJ 6FLHQFH   GRL6

>@ &DL 4 %LJJV0 - 	 6HDWRQ 1 $  (IIHFW RI SRUH ZDOOPRGHO RQ SUHGLFWLRQ RI
GLIIXVLRQ FRHIILFLHQWV IRU JUDSKLWLF VOLW SRUHV 3K\VLFDO &KHPLVWU\ &KHPLFDO 3K\VLFV 
±5HWULHYHGIURPKWWSG[GRLRUJ%)
>@ )UHQWUXS + $YHQGDxR & +RUVFK 0 6DOLK $ 	 0OOHU ( $  7UDQVSRUW
GLIIXVLYLWLHVRIIOXLGVLQQDQRSRUHVE\QRQHTXLOLEULXPPROHFXODUG\QDPLFVVLPXODWLRQ0ROHFXODU
6LPXODWLRQLQSUHVVGRL
>@+ROW-.3DUN+*:DQJ<6WDGHUPDQQ0$UW\XNKLQ$%*ULJRURSRXORV&3
1R\ $ HW DO  )DVW PDVV WUDQVSRUW WKURXJK VXEQDQRPHWHU FDUERQ QDQRWXEHV
6FLHQFHGRLVFLHQFH
>@ +XPPHU * 5DVDLDK - & 	 1RZRU\WD - 3  :DWHU FRQGXFWLRQ WKURXJK WKH
K\GURSKRELFFKDQQHORIDFDUERQQDQRWXEH1DWXUHGRL
>@1DLU55:X+$-D\DUDP31*ULJRULHYD,9	*HLP$.8QLPSHGHG
3HUPHDWLRQ RI :DWHU 7KURXJK +HOLXP/HDN7LJKW *UDSKHQH%DVHG 0HPEUDQHV 6FLHQFH
GRLVFLHQFH
.H\ZRUGV1DQRSRUHV0ROHFXODU'\QDPLFV1RQ(TXLOLEULXP7UDQVSRUWGLIIXVLRQ


